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In the title compound, C24H23NO2, a whole molecule is 
disordered over two sets of sites with occupancies in a ratio of 
0.692 (6):0.308 (6). In the major disorder component, the 
naphthalene ring system forms a dihedral angle of 68.6 (5)° 
with the benzene ring. The corresponding angle in the minor 
component is 81.6 (10)°. In the crystal, molecules are linked 
into chains propagating along the fo-axis direction via weak 
C— H- ■ O hydrogen bonds. The crystal packing is further 
consolidated by weak C— H- ■ -it interactions. 

Related literature 

For features of electro-optical display devices, see: Cox & 
Clecak (1976); Reddy & Tschierske (2006); Hanasaki et al. 
(2011) For applications of cyano groups in liquid crystal 
displays, see: Coates & Gray (1976); Klingbiel et al. (1974); 
Takezoe & Takanishi (2006). For related structures, see: 
Kuzmina et al. (2010); Blake et al. (1995); Li (2006). For 
standard bond-length data, see: Allen et al. (1987). 




Experimental 

Crystal data 

M, = 357.43 
Monoclinic, C2/c 
a = 14.4712 (2) A 
b = 9.5592 (2) A 
c = 29.5386 (5) A 
B = 98.898 (1)° 



V = 4036.99 (12) A 3 
Z = 8 

Cu Ka radiation 
li = 0.59 mrrT 1 
T = 298 K 

0.29 x 0.11 x 0.08 mm 



Data collection 

Bruker SMART APEXII CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.848, r m „ = 0.954 

Refinement 

R[F 2 > 2a(F 2 )} = 0.069 

wR(F 2 ) = 0.268 

S = 1.10 

3574 reflections 

348 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



15700 measured reflections 
3574 independent reflections 
2344 reflections with I > 2a(I) 
R<„, = 0.026 



73 restraints 

H-atom parameters constrained 
A/w = 0.25 e A~ 3 
Ap mi „ = -0.22 e A~ 3 



Cgl and Cg2 are the centroids of the C2A-C5AICWA/C11A and C135-C18B 
rings, respectively. 



D-H-A 


D-H 


H---A 


D-A 


D-H- - A 


C4yt-H4^-02^1 i 


0.95 


2.44 


3.303 (11) 


149 


C9B-WBA- ■ 02B" 


0.95 


2.59 


3.352 (11) 


138 


C14B-H14B- ■ Cgf" 


0.95 


2.85 


3.708 (14) 


151 


C20A-H20A- ■ Cg2" 


0.99 


2.91 


3.819 (14) 


152 


C19B-H19C- ■ -Cg2" 


0.99 


2.88 


3.746 (19) 


146 


Symmetry codes: (i) 
—x + 1, y, — z + §; (iv) — x - 


-x + iy-i, 
h \, -y + \, -z 


-*+|; (») 
+ 1. 


-x + 1 y + 1 


-z + 1 (iii) 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 

This research was supported by a PRGS Research Grant 
(No. RDU 130803). 

Supporting information for this paper is available from the IUCr 
electronic archives (Reference: LH5699). 
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6-Cyanonaphthalen-2-yl 4-hexylbenzoate 

Md. Lutfor Rahman, H. T. Srinivasa, Mohd. Yusoff Mashitah, Huey Chong Kwong and Ching 
Kheng Quah 

1 . Comment 

Electro-optical display devices require certain desirable features such as large positive dielectric anisotropy, nematic 
phase, low melting point, stability and lack of color (Cox & Clecak, 1976; Reddy & Tschierske, 2006; Hanasaki et ah, 
201 1). To obtain such properties, a highly polar terminal cyano group can be incorporated to give a large dipole moment. 
Maximum dipole moment (90 degrees) indicates that the dipole moment is exactly parallel to the molecular short axis, 
which acts along the long axis of the molecule and helps to give the proper alignment for liquid crystal displays (Coates 
& Gray, 1976; Klingbiel et ah, 1974; Takezoe & Takanishi, 2006). Here we report the synthesis and single-crystal X-ray 
study of an unsymmetrical naphthalene liquid crystal molecule. The shows a nematic phase after 379 K then a stable 
phase until an isotropic state at 41 1 K on a heating cycle. Upon cooling from the isotropic state, the nematic phase was 
reformed at 410 K, the phase is stabilized before crystallizes at 321 K. 

The molecular structure of the title compound is shown in Fig 1. The whole molecule of the title compound is 
disordered over two positions with a refined site-occupancy ratio of 0.692 (6): 0.308 (6). For the major component, the 
naphthalene ring system (C2A — C11A) makes a dihedral angle of 68.6 (5)° with the benzene ring (C13A — C18A). In the 
minor component, the dihedral angle formed between the naphthalene ring system (C2B — CI IB) and the benzene ring 
(C13B — C18B) is 81.6 (10)°. All the bond lengths (Allen et ah, 1987) and angles are in normal ranges and compared with 
the closely related structures (Kuzmina et ah, 2010; Blake et ah, 1995; Li, 2006) 

In the crystal, molecules are linked into chains propagating along the &-axis via weak C — H---0 hydrogen bonds. Weak 
C — H- -n interactions are also observed (see Table 1). 

2. Experimental 

Amixture of 4-hexylbenzoic acid (1.0 mmol), 2-cyano-6-hydroxy-naphthalene (1.0 mmol), dicyclohexylcarbodiimide 
(1.2 mmol) and catalytic quantity of A^A^-dimethylaminopyridine in 5 ml of dry dichloromethane was stirred at room 
temperature for 1 h. Progress of the reaction was monitored by TLC (ethyl acetate: pet ether 2:8). After completion of the 
reaction, the reaction mass was diluted with water and extracted into dichloromethane (25 ml). The organic layer was 
washed with diluted acetic acid and water. The organic layer was dried over anhydrous sodium sulfate and the solvent 
was removed under reduced pressure. The crude product was purified by column chromatography by using ethyl acetate: 
petroleum ether (2:8) as eluent and the product was recrystallization from chloroform. Yield = 70% as colourless block 
crystals. IR(KBr): v = 2920, 2856, 2224, 1724, 1454, 1066, 902 cm 1 ; 'H NMR (400 MHz, CDC1 3 ): 3 = 8.11-6.98 (m, 
10H, Ar— H), 2.54 (t, J= 1.37 Hz, 2H, Ar— CH 2 -), 1.47-1.44 (m, 8H, alkyl-CH 2 -), 0.91 (m, 3H, alkyl-CH 3 ) p.p.m.; 
Elemental analysis calcd for C24H 23 N0 2 (%): C 80.64, H 6.49, N 3.92; found. C 80.69, H 6.54, N 4.07. 
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3. Refinement 

The title compound is disordered over two positions with a refined site-occupancy ratio of 0.692 (6): 0.308 (6) and the 
minor disordered component was refined isotropically. All H atoms were positioned geometrically [C — H = 0.95-0.99 A] 
and refined using a riding model with (7 iso (H) = 1.2 or 1.5 C/ eq (C). A rotating group model was applied to the methyl 
groups. The restraints of same geometries were applied to all disordered components. Identical anisotropic displacement 
and distance restraint were used in the final refinement. Similarity were applied to the disordered atoms. DFIX restraints 
of 1.50 (1) A were used for the long-disordered alkyl chains such as C19B— C20B, C21B— C22B, C22B— C23B, C23B 
— C24B and C23A — C24A distances. Same W parameters restraints were used for C22A/C23A and C22B/C23B atom 
pairs. One outlier (1 1 10) was omitted from the reflection data. 



Figure 1 

The molecular structure of the title compound showing 30% probability displacement ellipsoids for the major component 
of disorder. Open bonds show the minor disordered component. 



Figure 2 

The crystal packing of the title compound. Dashed lines represent the intermolecular hydrogen bonds. Only major 
disordered component is shown. 

6-Cyanonaphthalen-2-yl 4-hexylbenzoate 





Crystal data 

C 2 4H 23 N0 2 
M r = 357.43 



a= 14.4712 (2) A 
6 = 9.5592 (2) A 
c = 29.5386 (5) A 
^ = 98.898 (1)° 



Monoclinic, C2/c 
Hall symbol: -C 2yc 
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V= 4036.99 (12) A 3 
Z=8 

7^(000)= 1520 

D x = 1.176 Mgm- 3 

Cu Ka radiation, X= 1.54178 A 

Cell parameters from 5436 reflections 

Data collection 

Broker SMART APEXII CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2009) 
7^ = 0.848,7^ = 0.954 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > 2(t(7^)] = 0.069 

wRiF 1 ) = 0.268 

S = 1.10 

3574 reflections 

348 parameters 

73 restraints 

Primary atom site location: structure-invariant 
direct methods 



(9=3.0-59.5° 
fi = 0.59 mm" 1 
T=298K 
Block, colourless 
0.29 x 0.11 x 0.08 mm 



15700 measured reflections 
3574 independent reflections 
2344 reflections with I > 2a(I) 
R mt = 0.026 

ftnax = 67.5°, d m in = 3.0° 

h = -17— >17 
yt = -11^10 
/ = -35^34 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[cr 2 (F 2 ) + (0.16217 3 ) 2 + 0.40137 5 ] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max = 0.001 
Ap max = 0.25 e A -3 
Apmm = "0.22 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 1 against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors 7? are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II- *ITJ 


Occ. (<1) 


N1A 


0.4778 (8) 


0.1930(11) 


0.99962 (18) 


0.145 (3) 


0.692 (6) 


CIA 


0.4583 (9) 


0.1754 (13) 


0.9609 (2) 


0.161 (4) 


0.692 (6) 


C2A 


0.4351 (12) 


0.1379 (10) 


0.9130(2) 


0.121 (5) 


0.692 (6) 


C3A 


0.4307(11) 


-0.0035 (9) 


0.8995 (3) 


0.125 (5) 


0.692 (6) 


H3AA 


0.4415 


-0.0758 


0.9218 


0.150* 
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C4A 


0.4110(9) 


-0.0350 (9) 


0.8543 (3) 


0.130(4) 


0.692 (6) 
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0.4045 


-0.1304 


0.8453 
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0.3996 (15) 
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0.3590(10) 
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0.113 (5) 


0.692 (6) 
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A AO 1 *3 

— U.U813 


A AO 1 O 

U.9Z18 


A 1 AO * 

U.1U8* 


A *5AO //C\ 

U.3U8 (o) 


C4B 


0.4144(10) 


-0.0374 (12) 


0.8545 (3) 


0.077 (4)* 


0.308 (6) 


H4BA 


0.4156 


-0.1316 


0.8444 


0.092* 


0.308 (6) 


C5B 


0.393 (4) 


0.0715(14) 


0.8222 (4) 


0.095 (12)* 


0.308 (6) 


C6B 


0.379 (2) 


0.0423 (19) 


0.7750 (4) 


0.149(11)* 


0.308 (6) 


H6BA 


0.3777 


-0.0518 


0.7647 


0.179* 


0.308 (6) 
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C /B 


A /ON 

0.366 (z) 


A 1 A TO / 1 CN 

0.14/z (15) 


A HA A A / A \ 

0. /444 (4) 


A AAA /AN* 

0.099 (9)^ 


A 1AO { C\ 

0.308 (6) 


Cob 


A IjCOA /1 "5\ 

0.3689 (15) 


A TOO') / 1 1\ 

0.2883 (13) 


A Tf OO //IN 

0. /58z (4) 


A AA/1 /CN* 

0.094 (5)* 


A OAO { C\ 

0.308 (6) 


H8BA 


0.3570 


A -t /'AO 

0.3608 


0.7360 


A 1 1 Isfe 

0.112* 


A "i f\0 //'N 

0.308 (6) 


/-■an 

C9B 


A OOO/I / 1 0\ 

0.3894 (lz) 


0.319:) (13) 


A OA1 /; //I N 

0.8036 (4) 


A Am /CN* 

0.093 (5)* 


A 1 AO (£\ 

0.308 (6) 


t inn a 
H9BA 


A 1 ATA 

0.39/0 


A A 1 A A 

0.4144 


A O 1 O A 

0.81z9 


a i n* 
0.1 lz* 


A 1 AO f H\ 

0.308 (6) 


Z" 1 1 AD 

C10B 


A 1 A A /I N 

0.399 (3) 


a inn / 1 i n 

O.zlzO (13) 


A O 1 TA (A N 

0.83 /0 (4) 


A AOO //CN* 

0.088 (6)* 


A 1AO 

0.308 (6) 


pi in 

Clio 


A /I OQ A /1 1 \ 

0.4z39 (11) 


A O A AC /1 ON 

0.Z405 (lz) 


0.8838 (3) 


A AOA //1\* 

0.080 (4)* 


A 1f\Q /z:n 

0.308 (6) 


T T 1 IT) 

HI 1J3 


a /lion 

0.4z89 


A 1 1 /I jC 

0.3346 


A OA A 1 

0.8943 


0.096* 


A 1AO f£.\ 

0.308 (6) 


(JIB 


A O A "7 A /AN 

0.3470 (9) 


A 1 1 /I /1\ 

0.116 (z) 


A /TOO A //IN 

0.6980 (4) 


A 1 A O /ANA 

0.148 (9)* 


A TAO //:n 

0.308 (6) 


hid 
OzB 


A 1 ACO /TN 

0.1930 (/) 


a 1 /i a /i 1 \ 
0.1460 (11) 


a ram /tn 
0.6993 (3) 


A 1 A1 /IN* 

0.103 (3)* 


A 1 AO /zC!N 

0.308 (6) 


C12B 


A If/'l //'N 

0.2563 (6) 


0.1302 (17) 


0.6760 (3) 


A A/"0 /") N * 

0.068 (3)* 


0.308 (6) 


CUB 


A O /I T /I /ON 
{J.24/4 (8) 


A 1 1 1 /IN 

0.111 (3) 


A iCO/CI /IN 

0.6Z65 (3) 


A AO C 

0.085 (5)* 


A OAO //CN 

0.308 (6) 


C14r> 


n /on 
0.5z55 (8) 


O.Uozo (13) 


0.6055 (5) 


A 1 1 A /CN* 

U.l 10 (5 )* 


A 1AO //CN 

U.3U8 (o) 


H14B 


A 1 O ") O 

0.3838 


a m c 1 

0.0751 


A 1 

0.6231 


A 1 1 O sfc 

0.132* 


A 1 AO //'N 

0.308 (6) 


L15B 


A "5 1 AA /o\ 

0.3109 (8) 


A A /I C /T / 1 TN 

0.0656 (17) 


A C C OH / A\ 

0.5587 (4) 


0.144 (6)* 


A TAO //TN 

0.308 (6) 


H15B 


0.3636 


0.0436 


0.5444 


A 1 T ") * 

0.173* 


A ") A O //"N 

0.308 (6) 


Clors 


a. oo^£ /oa 
U.ZZJJ (5) 


0.0 /93 (15) 


U.jjzI (j ) 


U. Izz (5)* 


0.508 (o) 


C17B 


A 1 ^Ol / 1 A\ 

0.1482 (10) 


A A AO f A\ 

0.092 (4) 


A C C A A /C\ 

0.5540 (5) 


A 1 1 1 /AN* 

0.131 (9)* 


A T AO //'N 

0.308 (6) 


H17B 


0.0871 


0.0862 


0.5369 


0.157* 


A ") A O //'N 

0.308 (6) 


C 1 CD 

dors 


A 1 /TAA {H\ 

U.loUU (/J 


a in/I i\ o\ 
U.1134 (IV) 


A /TAAO //M 

U.oUUz (4) 


A AO/I //I \* 

U.Uo4 (4) T 


A O AO 

U.jUo (o) 


T T 1 OTJ 

H18B 


0.1068 


A 1 O AT 

0.1302 


f\ £ 1 An 

0.6147 


A 1 A 1 * 
0.101* 


A OAO //:\ 

0.308 (6) 


C19B 


A 1 1 A") / 1 ON 

0.2193 (12) 


a moo / 1 A\ 

0.0783 (14) 


A /I OA/( / A \ 

0.4804 (4) 


0.176 (6)* 


A n AO //"N 

0.308 (6) 


T T 1 A/" - 

H19C 


A 1 O A £L 

0.1846 


A 1 /TO /I 

0.1 6z4 


A A /TO 

0.4678 


A 1 1 1 * 

0.211* 


A TAO //TN 

0.308 (6) 


T T 1 AT~\ 

H19D 


a ion 

0.2832 


A AO A 1 

0.0841 


A A TO /: 

0.4726 


A O 1 1 * 

O.zll* 


A TAO //TN 

0.308 (6) 


nun 

L20B 


a nm / 1 a\ 

0.1719 (10) 


A A .-1 A") / 1 /I \ 

-0.0493 (14) 


A A C i A\ 

0.4583 (4) 


A 1CA//1N* 

0.150 (4)* 


A O AO t £- \ 

0.308 (6) 


T 1 "1 A/" 1 


0.1042 


A A A "> C 

—0.0435 


A A CAA 

0.4599 


A 1 OA* 

0.180* 


A TAO //TN 

0.308 (6) 


H20D 


0.1969 


-0.1329 


0.4758 


A 1 O A * 

0.180* 


A "> A O //'N 

0.308 (6) 


L21B 


A 1 O A C /A\ 

0.1845 (9) 


A A/TO /1\ 

-0.068 (2) 


A A A AO SA\ 

0.4092 (4) 


A 1 AT /TN* 

0.197 (7)* 


A TAO /^N 

0.308 (6) 


rizlC 


ATI TO 

U.zl /z 


n a i hp> 
U.U1 /U 


A A AAC 
U.4UU3 


0.15 l 


A OAO //T\ 

U. j(Jo (0) 


H21D 


a O O O A 

0.2280 


—0.1470 


0.4083 


A O O T * 

0.237* 


A O A O //N 

0.308 (6) 


C22B 


A 1 AO A /ON 

0.1034 (8) 


A AH1 1 /1 A\ 

-0.0921 (19) 


A 1T1A //IN 

0.3719 (4) 


A 1/"A /CN* 

0.169 (5)* 


A "> A O //^N 

0.308 (6) 


HzzC 


U.U646 


A Aft/;/ 

-U.UU66 


U.J665 


A O AO * 


A OAO //T\ 

U. j(J5 (6) 


T TO OT~\ 

H22D 


A A^O O 

0.0638 


-0.1692 


0.3804 


A O AO * 

0.202* 


A OAO t £\ 

0.308 (6) 


C23B 


A 1 /I ") O /ON 

0.1438 (8) 


A 1 1 A /O \ 

-0.130 (2) 


A TOA/" //IN 

0.3296 (4) 


A 1/"A /CN* 

0.169 (5)* 


A "> A O //"N 

0.308 (6) 


nz jlj 




u.Uj 1 o 




W.ZVJZ 


VJ. JUo f 


H23E 


0.1836 


-0.2140 


0.3349 


0.202* 


0.308 (6) 


C24B 


0.0605 (9) 


-0.157(2) 


0.2937 (4) 


0.180 (6)* 


0.308 (6) 


H24D 


0.0815 


-0.1898 


0.2656 


0.270* 


0.308 (6) 


H24G 


0.0247 


-0.0701 


0.2873 


0.270* 


0.308 (6) 


H24E 


0.0208 


-0.2281 


0.3048 


0.270* 


0.308 (6) 


Atomic displacement parameters (A 2 ) 




U n 


U 22 U 33 


U u 


U 13 


U 23 


N1A 


0.162 (5) 


0.174 (5) 0.093 (3) 


-0.048 (4) 


0.003 (2) 


-0.042 (2) 


CIA 


0.165 (6) 


0.177 (8) 0.137 (5) 


-0.058 (5) 


0.011 (4) 


-0.031 (4) 


C2A 


0.112(6) 


0.146(7) 0.104(4) 


-0.031 (3) 


0.011 (2) 


-0.025 (3) 


C3A 


0.132 (7) 


0.131(6) 0.105(4) 


-0.023 (3) 


0.000 (2) 


-0.005 (2) 


C4A 


0.143 (6) 


0.111(4) 0.131(5) 


-0.009 (3) 


0.004 (3) 


-0.014 (2) 
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CjA 


A AQA / A\ 

U.UoU (4J 


U 


1U3 (0) 


A 
U 


1 aa 
1UU 


(0) 


A AAT7 / 1 C\ 
— U.UUZ / (1 D) 


A A 1 1 f1~\ 

U.U11 [2) 


n A1 A£ ( "\ o^ 

— u.uiuo (iy) 


Co A 


U.Uoz (z) 


A 

u 


uy / (3) 


A 

u 


AA 1 

uyi 


(3) 


A AA*7 1 / 1 A \ 
U.UU/1 (14) 


A A1AC /1 A\ 

U.UIUj (14) 


A AAC A { 1 C\ 

— U.UUj4 (1 j) 


C / A 


A AAC 

O.Oyj (j) 


A 

u 


\ AC (Q\ 

14o (0) 


A 

u 


uyo 


/C \ 

(5) 


A A1 O /1\ 

U.Ulz (3) 


A A 1 C A { 1 A^ 

u.ui z)4 (iy) 


A AA 1 /T* 

— U.UU1 (z) 


P Q A 

CoA 


U.lol (/J 


A 

u 


14j (0) 


A 

u 


1 c^ 

1 j j 


(0) 


— U.UUj (3) 


n ai 0 ( a\ 
U.Ulo (4) 


a mo //i\ 
U.U35 (4) 


p n a 
CyA 


U.l /3 ( /) 


A 

u 


1 (\C (A \ 

lUo (4) 


A 
U 


1 JO 


(7) 


a fin /"2\ 
— U.U1 / (3) 


n A1 Z ( A\ 

U.UIj (4) 


A AAO /"2\ 

U.UUo (3 ) 


pi AA 

C1UA 


U.Uy / (o) 


U 


1 AjC /C\ 

IUo (j) 


A 
U 


lzo 


(5) 


A A 1 C /1\ 

— U.Ulj (z) 


A A 1 A /'J \ 

u.uiy (3) 


A A 1 1 /1\ 

— U.U11 (z) 


pi i * 
CI 1A 


A 1 /I A 

U.14U (D) 


a 

u 


1 1 O (A \ 

uy (4) 


A 
U 


1 A O 

I4y 


(6) 


A A^ O 

— U.U35 {3) 


A A 1 £ 

U.Ulo (3) 


-U.U36 (3) 


f \ 1 A 

U1A 


U.Uoo3 (iyj 


A 

u 


1 /o (j) 


A 
U 


AC/1 

Uo4 


/OA 

(2) 


U.UjUz (1 /) 


A A 1 1 1 ( \ A^ 

U.U133 (1U) 


A AAQ/1 z' 1 y| ^ 

U.UUo4 (14) 


m a 
UzA 


A 1 1 A 

U.l 1U (z) 


A 

u 


13j (3) 


u 


1 AO 

lUo 


(2) 


n AIOO (A A\ 

U.Uizz (lyj 


U.UZ/3 (lo) 


A A 1 A /OA 
U.U14 (Z) 


ClzA 


A 1 1 1 / A\ 

U.l 13 (4) 


a 
U 


110 iA \ 

118 (4) 


A 

u 


1 A A 

14U 


(6) 


A A 1 A C\\ 

u.uiy (z) 


A AI A /"J\ 

U.U34 (3) 


a An \ 
U.UZ / (3) 


pio A 

C13A 


A 1 A/l 

U.1U4 (3) 


U 


AA1 /C\ 

uyi (dj 


A 
U 


1U3 


//I \ 

(4) 


A A1 *7 

U.U1 / (2) 


A A 1 AO /1 A\ 

u.uiyz (iy) 


A A1 O /OA 

U.Ulo (z) 


n /i a 
C14A 


A 1 1 1 /"3\ 

U.l 11 (3) 


A 

u 


IOC //I \ 

125 (4) 


A 
U 


AAA 

uyy 


(3) 


a An 
U.UZ / (3J 


A AOAT /1 Q\ 

U.UzU/ (lo) 


A A1 1 

U.U13 (z) 


C 1 C A 

CI jA 


U.lz / (3) 


A 

u 


id3 (j) 


A 
U 


1 AA 
1UU 


(3) 


A A/1 1 /"2\ 

U.U41 (3) 


U.UZZ (z) 


A AAO f r )\ 

U.UUo (z) 


CloA 


a 1 /n { a\ 
U.14z (4) 


a 
U 


lzz (4) 


A 
U 


1 AA 
1UU 


(3) 


U.Uzo (3) 


A A1 C 

U.UO (z) 


A AA'} /''">\ 

U.UU3 (z) 


CI /A 


U.lzo (3) 


A 

u 


152 (7) 


A 
U 


11/1 

1 14 


{ A\ 

(4) 


A A1 1 /"I A 

K).{)33 (3) 


a a 1 0 n\ 
— U.U15 (3) 


A AAO /")\ 

U.UUZ (3) 


pi OA 

CloA 


A 1 //I \ 

U.lZO (4) 


A 
U 


1/1/1 /c\ 

144 (3) 


A 
U 


1 A A 

14U 


(6) 


A A1 /I /"I A 

U.U34 (3) 


A A 1 O /"} \ 
U.U15 (3) 


A AAA / A\ 

U.UUU (4) 


n q a 


0 1 77 fS^ 


u 


z 1 0 ^0^ 


0 

u 


1 1 ^ 


v+ ,1 


u.UJW J 


—0 nr»A (X\ 


U.UZ J ^H- ^ 


C20A 


0.286 (9) 


0 


192 (7) 


0 


111 


(4) 


0.000 (6) 


0.015 (4) 


0.012 (4) 


C21A 


0.174 (5) 


0 


251 (9) 


0 


115 


(4) 


0.001 (6) 


0.011 (3) 


0.006 (4) 


C22A 


0.297 (9) 


0 


307 (10) 


0 


127 


(4) 


0.007 (7) 


-0.028 (4) 


0.004 (4) 


C23A 


0.297 (9) 


0 


307 (10) 


0 


127 


(4) 


0.007 (7) 


-0.028 (4) 


0.004 (4) 


C24A 


0.258 (9) 


0 


285 (11) 


0 


156 


(6) 


0.028 (8) 


0.048 (6) 


-0.035 (6) 


Geometric parameters (A, °) 


N1A— 


-CIA 




1.146 (6) 








NIB— CIB 




1.148 (9) 


C1A- 


-C2A 




1.449 (5) 








CIB— C2B 




1.446 (7) 


C2A- 


-C11A 




1.358 (6) 








C2B— CUB 




1.364 (7) 


C2A- 


-C3A 




1.408 (6) 








C2B— C3B 




1.411 (8) 


C3A- 


-C4A 




1.356 (5) 








C3B— C4B 




1.356 (7) 


C3A- 


-H3AA 




0.9500 








C3B— H3BA 




0.9500 


C4A- 


-C5A 




1.411 (6) 








C4B— C5B 




1.415 (8) 


C4A- 


-H4AA 




0.9500 








C4B— H4BA 




0.9500 


C5A- 


-C6A 




1.406 (5) 








C5B— C6B 




1.405 (8) 


C5A- 


-CI OA 




1.413 (5) 








C5B— C10B 




1.412(7) 


C6A— C7A 




1.343 (5) 








C6B— C7B 




1.342 (8) 


C6A- 


-H6AA 




0.9500 








C6B— H6BA 




0.9500 


C7A- 


-OlA 




1.389 (5) 








C7B— OIB 




1.388 (8) 


C7A- 


-C8A 




1.406 (6) 








C7B— C8B 




1.407 (8) 


C8A- 


-C9A 




1.358 (6) 








C8B— C9B 




1.361 (8) 


C8A- 


-H8AA 




0.9500 








C8B— H8BA 




0.9500 


C9A- 


-CI OA 




1.414(6) 








C9B— CI 0B 




1.417(8) 


C9A- 


-H9AA 




0.9500 








C9B— H9BA 




0.9500 


C10A- 


-C11A 




1.397 (6) 








C10B— CUB 




1.399 (8) 


C11A- 


-H11A 




0.9500 








CUB— HUB 




0.9500 


OlA- 


-C12A 




1.375 (5) 








OIB— C12B 




1.377 (8) 


02A- 


-C12A 




1.204 (5) 








02B— C12B 




1.204 (7) 


C12A- 


-C13A 




1.473 (6) 








C12B— C13B 




1.465 (8) 


C13A- 


-C14A 




1.365 (5) 








C13B— C14B 




1.366 (8) 


C13A- 


-C18A 




1.374 (5) 








C13B— C18B 




1.375 (7) 
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C14A— C15A 
C14A— H14A 
C15A— C16A 
C15A— H15A 
C16A— C17A 
C16A— C19A 
C17A— C18A 
C17A— H17A 
C18A— H18A 
C19A— C20A 
C19A— H19A 
C19A— H19B 
C20A— C21A 
C20A— H20A 
C20A— H20B 
C21A— C22A 
C21A— H21A 
C21A— H21B 
C22A— C23A 
C22A— H22A 
C22A— H22B 
C23A— C24A 
C23A— H23A 
C23A— H23B 
C24A— H24A 
C24A— H24B 
C24A— H24C 



1.375 (5) 

0.9500 

1.367 (5) 

0.9500 

1.380 (7) 

1.510(6) 

1.363 (7) 

0.9500 

0.9500 

1.438 (7) 

0.9900 

0.9900 

1.485 (6) 

0.9900 

0.9900 

1.476 (8) 

0.9900 

0.9900 

1.574 (7) 

0.9900 

0.9900 

1.4984(11) 

0.9900 

0.9900 

0.9800 

0.9800 

0.9800 



C14B— C15B 
C14B— H14B 
C15B— C16B 
C15B— H15B 
C16B— C17B 
C16B— C19B 
C17B— C18B 
C17B— H17B 
C18B— H18B 
C19B— C20B 
C19B— H19C 
C19B— H19D 
C20B— C21B 
C20B— H20C 
C20B— H20D 
C21B— C22B 
C21B— H21C 
C21B— H21D 
C22B— C23B 
C22B— H22C 
C22B— H22D 
C23B— C24B 
C23B— H23D 
C23B— H23E 
C24B— H24D 
C24B— H24G 
C24B— H24E 



1.377 (8) 
0.9500 

1.365 (9) 
0.9500 
1.382 (10) 
1.513 (9) 

1.366 (9) 
0.9500 
0.9500 
1.4992(11) 
0.9900 
0.9900 
1.4998(11) 
0.9900 
0.9900 
1.4990(11) 
0.9900 
0.9900 
1.5011 (11) 
0.9900 
0.9900 
1.4995 (11) 
0.9900 
0.9900 
0.9800 
0.9800 
0.9800 



N1A- 
C11A 
C11A 
C3A- 
C4A- 
C4A- 
C2A- 
C3A- 
C3A- 
C5A- 
C6A- 
C6A- 
C4A- 
C7A- 
C7A- 
C5A- 
C6A- 
C6A- 
01A- 
C9A- 
C9A- 



-C1A — C2A 
— C2A — C3A 
-C2A— CIA 
-C2A— CIA 
-C3A— C2A 
-C3A — H3AA 
-C3A — H3AA 
-C4A — C5A 
-C4A — H4AA 
-C4A — H4AA 
-C5A — C4A 
-C5A— CI OA 
-C5A— CI OA 
-C6A — C5A 
-C6A — H6AA 
-C6A — H6AA 
-C7A— 01 A 
-C7A — C8A 
-C7A— C8A 
-C8A — C7A 
-C8A — H8AA 



174.0(11) 

120.1 (5) 

119.2 (6) 
120.5 (6) 
119.1 (5) 
120.5 
120.5 

122.0 (6) 
119.0 
119.0 
122.4 (5) 

119.1 (4) 

118.4 (5) 

120.1 (4) 
119.9 
119.9 
120.0 (6) 

122.2 (5) 

117.5 (5) 
118.7(6) 
120.6 



C3B— C2B- 
C4B— C3B- 
C4B— C3B- 
C2B— C3B- 
C3B— C4B- 
C3B— C4B- 
C5B— C4B- 
C6B— C5B- 
C6B— C5B- 
C10B— C5B- 
C7B — C6B— 
C7B — C6B— 
C5B— C6B- 
C6B— C7B- 
C6B— C7B- 
01B— C7B- 
C9B — C8B— 
C9B— C8B- 
C7B— C8B- 
C8B— C9B- 
C8B— C9B- 



C1B 

-C2B 

-H3BA 

H3BA 

C5B 

-H4BA 

-H4BA 

CI OB 

-C4B 

-C4B 

C5B 

H6BA 

H6BA 

01B 

C8B 

-C8B 

C7B 

-H8BA 

-H8BA 

CI OB 

H9BA 



118.7(8) 

119.4 (8) 
120.3 
120.3 
120.3 (8) 
119.9 
119.9 
119.3 (8) 

120.6 (10) 

119.5 (8) 
120.2(10) 
119.9 
119.9 
119.5 (10) 
121.8 (9) 
118.8 (9) 
119.1 (8) 
120.4 
120.4 

120.7 (8) 
119.6 
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C7A — C8A — H8AA 


120.6 


C 8 A — C9 A — C 1 OA 


121.2 (6) 


/"* O A Z"1A A TTA A A 

C8A — C9A — H9AA 


119.4 


C 1 OA — C9A — H9AA 


119.4 


y"< 1 1 A /"< 1 A A /~1 ^ A 

CllA — CI OA — C5A 


118.4 (5) 


y~i 1 1 A /~1 i a a s~i a a 

CllA — CI OA — C9A 


122.7 (6) 


C5 A — C l OA — C9A 


118.6 (5) 


C2 A — C 1 1 A — C 1 OA 


121.9 (5) 


f ' /-» \ f "• 1 1 A Til 1 A 

C2A — CllA — H11A 


119.0 


y • i a a /—\ 11A TT11A 

C10A — CllA — H11A 


119.0 


y • \ r\ k g~\ \ a /~ln A 

C12A — 01 A — C7A 


118.6 (6) 


02 A — C12A — OlA 


1 ^ A A f C\ 

120.4 (5) 


/"■\1 * f ^ 1 T A /" 1 1 A 

02A — C12A — C13A 


126.7 (5) 


OlA — C12A — C13A 


H2.9 (5) 


/— 1 1 >l A y~1 1 1 A y -< 1 O A 

C14A — C13A — C18A 


1 1 8.7 (5) 


y~1 AAA S~i 1 "> A /~1 1 ^ A 

C14A — C13A — C12A 


122.8 (4) 


y • 1 o A /' 1 1 1 A /"< 1 1 A 

C18A — C13A — C12A 


118.4 (5) 


C13A — C14A — C15A 


1 1 A O / A \ 

1 19.8 (4) 


S~i 1 ^> A /~1 1 1 A Til A A 

C13A — C14A — H14A 


120.1 


y • i c A 1/1A TT1/1A 

C15A — C14A — H14A 


120.1 


C16A — C15A — C14A 


122.3 (4) 


y « t s- a y~l 1 A iti r A 

C16A — C15A — H15A 


118.8 


y * 1 A A 1 ^ A III f A 

C14A — C15A — HI 5 A 


118.8 


y < 1 C A / 1 1 A /" 1 1 n A 

C 1 5 A — C 1 6A — C 1 7 A 


117.1 (4) 


/"MCA 1 /" A I A A 

C 1 5 A — C 1 6A — C 1 9 A 


1 1 A O / A \ 

119.8 (4) 


y"< 1 "7 A /~1 1 ^ A y""1 | n A 

C17A — C16A — C19A 


123.1 (4) 


y * 1 o A /~1 1 "7 A A 1 1 / A 

C 1 8 A — C 1 7A — C 1 6A 


121.1 (5) 


y • 1 o A /" < 1"7A TTIT A 

C18A — C17A — H17A 


119.4 


/~i 1 y" A /"> 1 -7 * Tin A 

C16A — C17A — H17A 


1 1 A A 

119.4 


y 1 n A /~1 1 O A /~1 1 "1 A 

C17A — C18A — C13A 


120.9 (6) 


y 1 n A 1 o A T T 1 O A 

C17A — C18A — H18A 


H9.5 


/"< 1 1 A 1 O A TTIOA 

C13A — C18A — H18A 


i i A f 

119.5 


f ' 1 A A / < 1 ft A /-ii /- A 

C20A — C 1 9A — C 1 6A 


117.4 (5) 


y~i /-\ /-\ A /~1 1 /\ A Til fl A 

C20A — C19A — H19A 


107.9 


y ' 1 y A y"< 1 A A T T 1 A A 

C16A — C19A — H19A 


107.9 


y « r\ r\ a y i 1 A A T T 1 ATI 

C20A — C19A — H19B 


107.9 


C16A — C19A — H19B 


107.9 


III A A y~1 1 A A T T 1 ATI 

H19A — C19A — H19B 


107.2 


C19A — C20A — C21A 


118.0 (6) 


/-iia a /~11 A A TT1A A 

C 1 9A — C20A — H20A 


107.8 


y~1 1 a /*" 11A A IT1A A 

C21A — C20A — H20A 


107.8 


y * 1 A A S"^ *~\ f\ A TM Al~> 

C19A — C20A — H20B 


107.8 


C21A — C20A — H20B 


107.8 


H20A— C20A— H20B 


107.2 


C22A— C21A— C20A 


118.6(6) 


C22A— C21A— H21A 


107.7 


C20A— C21A— H21A 


107.7 


C22A— C21A— H21B 


107.7 


C20A— C21A— H21B 


107.7 



/~1 1 An riAn T TAn A 

C 1 0B — C9B — H9B A 


119.6 


C 1 1 B — C 1 0B — C5B 


119.1 (7) 


C 1 1 B — C 1 0B — C9B 


111 A / A \ 

122.0 (9) 


C5B — C 1 0B — C9B 


1 1 o /" sn\ 

118.6 (7) 


c ^ n /" ^ 1 1 n z^ 1 1 An 

C2B — C 1 1 B — C 1 0B 


1 1 A A ZO\ 

119.9 (8) 


C2B — CUB — HUB 


120.1 


/~i -i An z' " 1 i n tt 1 1 n 

CI 0B — CUB — HUB 


120.1 


C 1 2B — 0 1 B — C7B 


H8.1 (13) 


02B — C 1 2B — 0 1 B 


1 1 *7 O / A \ 

117.8 (9) 


02B — C 1 2B — C 1 3B 


1 1 A A ZO\ 

129.0 (8) 


01B — C12B — C13B 


1 1 i a /n\ 

113.0 (7) 


/~1 1 /I "n 1 1 I~A 1 or"» 

C14B — C13B — C18B 


1 1 a a /n\ 

H9.0 (7) 


f ^ -1 a n f ' 1 o n 1 in 

C14B — C13B — C12B 


12 1. 6 (7) 


/- • 1 on 1 o n /~ ' 1 i n 

C18B — C13B — C12B 


1 1 A 1 ZO\ 

119.3 (8) 


C13B — C14B — C15B 


1 1 A 1 /A\ 

119.2 (9) 


C13B — C14B — H14B 


120.4 


s ^ i r n 1 /I n T T 1 a n 

C15B — C14B — H14B 


120.4 


C16B — C15B — C14B 


111 1 / A \ 

122.1 (9) 


C16B — C15B — H15B 


1 18.9 


y ^ i a n /" " 1 c n t t 1 <r n 

C14B — C15B — H15B 


118.9 


f ' 1 .T r» y ' i y n y ' i nn 

C 1 5B — C 1 6B — C 1 7B 


117.7 (8) 


y ^ 1 ,— rx y-i i y n y ' 1 An 

C 1 5B — C 1 6B — C 1 9B 


119.1 (9) 


y 1 n"n y 1 yn y i /\r\ 

C 1 7B — C 1 6B — C 1 9B 


111 1 /A\ 

123.1 (9) 


y ^ i on f 1 ~7 ri y ^ i / n 

C 1 8B — C 1 7B — C 1 6B 


1 1 A O / 1 A \ 

119.8 (10) 


y~< i on z^ 1 1 i ri t t 1 ~7 r> 

C 1 8B — C 1 7B — H 1 7B 


1 1A 1 

120.1 


y -i y "n y ■* nn t t 1 n~n 

C 1 6B — C 1 7B — H 1 7B 


120.1 


y ' i nr~» y ' i or~» y i i -> i~-\ 

C17B — C18B — C13B 


111 "> /A\ 

121.3 (9) 


z" 1 1 i r> y ^ i on t t 1 on 

C 1 7B — C 1 8B — H 1 8B 


H9.4 


f ' 1 on y ' 1 t) n t t 1 on 

C13B — C18B — H18B 


119.4 


y --n Ar» y ' i on y^ 1 y"n 

C20B — C 1 9B — C 1 6B 


113.4 (9) 


y Ar» y i nn in Ay 

C20B — C 1 9B — H 1 9C 


108.9 


f < i yn C ' 1 An T T 1 A/~^ 

C 1 6B — C 1 9B — H 1 9C 


1 AO A 

108.9 


f"~\ t\ r» y 1 An t r 1 a"p\ 

C20B — C 1 9B — H 1 9D 


1 AO A 

108.9 


y 1 y "n /~1 1 A"n T T 1 An 

C 1 6B — C 1 9B — H 1 9D 


108.9 


T T 1 l"\ y^ A 1 An T T 1 ATX 

H 1 9C — C 1 9B — H 1 9D 


107.7 


f ' 1 Ar» /"<iAn yi 1 n 

C 1 9B — C20B — C2 1 B 


111/" /A\ 

113.6 (9) 


y < i An A ^ 1 An T 11 A/" 1 

C 1 9B — C20B — H20C 


108.8 


y /-\ i r-\ y ' /-\ AT» TTA Ay"< 

C2 1 B — C20B — H20C 


108.8 


y 1 AT» y AT* T T1 ATX 

C 1 9B — C20B — H20D 


108.8 


/~<1 1 n /~11An TTAATX 

C2 1 B — C20B — H20D 


108.8 


TTlAy y /-\ /\ TT1AT\ 

H20C — C20B — H20D 


107.7 


y"< 1 1~\ TX 11 1 T» /^11AT» 

C22B — C2 1 B — C20B 


111 1 / 1 A\ 

122.1 (10) 


/- • -> -> r-j /— 1 'X 1 n T T1 1 

C22B — C2 1 B — H2 1 C 


106.8 


C20B— C21B— H21C 


106.8 


C22B— C21B— H21D 


106.8 


C20B— C21B— H21D 


106.8 


H21C— C21B— H21D 


106.7 


C21B— C22B— C23B 


106.7 (8) 


C21B— C22B— H22C 


H0.4 
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H21A— C21A— H21B 
C21A— C22A— C23A 
C21A— C22A— H22A 
C23A— C22A— H22A 
C21A— C22A— H22B 
C23A— C22A— H22B 
H22A— C22A— H22B 
C24A— C23A— C22A 
C24A— C23A— H23A 
C22A— C23A— H23A 
C24A— C23A— H23B 
C22A— C23A— H23B 
H23A— C23A— H23B 
NIB— C1B— C2B 
CUB— C2B— C3B 
CUB— C2B— C1B 

C 1 1 A— C2A— C3 A— C4A 
C 1 A— C2A— C3 A— C4A 
C2A— C3A— C4A— C5A 
C3A— C4A— C5A— C6A 
C3 A— C4A— C5 A— C 1 OA 
C4A— C5A— C6A— C7A 
C 1 OA— C5 A— C6A— C7A 
C5 A— C6A— C7A— 0 1 A 
C5A— C6A— C7A— C8A 
C6A— C7A— C8A— C9A 
0 1 A— C7A— C8A— C9A 
C7A— C8 A— C9A— C 1 OA 
C6A— C5 A— C 1 OA— C 1 1 A 
C4A— C5 A— C 1 OA— C 1 1 A 
C6A— C5A— C10A— C9A 
C4A— C5 A— C 1 OA— C9A 
C 8 A— C9 A— C 1 0 A— C 1 1 A 
C8 A— C9 A— C 1 OA— C5 A 
C3 A— C2A— C 1 1 A— C 1 OA 
C 1 A— C2 A— C 1 1 A— C 1 OA 
C5 A— C 1 OA— C 1 1 A— C2A 
C9A— C 1 OA— C 1 1 A— C2A 
C6A— C7 A— 0 1 A— C 1 2 A 
C8A — C7A — 01 A — C12A 
C7A— 0 1 A— C 1 2A— 02 A 
C7A— 0 1 A— C 1 2A— C 1 3 A 
02A— C 1 2 A— C 1 3 A— C 1 4A 
0 1 A— C 1 2 A— C 1 3 A— C 1 4 A 
02A— C 1 2 A— C 1 3 A— C 1 8 A 
0 1 A— C 1 2 A— C 1 3 A— C 1 8 A 
C 1 8 A— C 1 3 A— C 1 4 A— C 1 5 A 
C 1 2 A— C 1 3 A— C 1 4 A— C 1 5 A 



107.1 


C23B — C22B — H22C 


110.4 


101.6 (6) 


C2 1 B — C22B — H22D 


110.4 


111.4 


C23B — C22B — H22D 


110.4 


111.4 


H22C — C22B — H22D 


108.6 


111.4 


C24B — C23B — C22B 


1 A A O ZO\ 

104.8 (8) 


111.4 


C24B — C23B — H23D 


110.8 


109.3 


C22B — C23B — H23D 


110.8 


101.0 (6) 


C24B — C23B — H23E 


110.8 


111.6 


C22B — C23B — H23E 


110.8 


111.6 


TTTir\ /"""ITn 

H2 3 D — C2 3 B — H2 3 E 


108.9 


111.6 


C23B— C24B— H24D 


109.5 


111.6 


C23B— C24B— H24G 


109.5 


1 ah a 

109.4 


Hz4D — Cz4B — Hz4Cj 


1 AA C 

109.5 


172 (2) 


/""ion /"* i /i rt in 

C23B — C24B — H24E 


1 AA C 

109.5 


121.5 (8) 


T 11 A T~\ P 1 >i rt TT1 /IT 

H24D — C24B — H24E 


109.5 


119.5 (8) 


H24G — C24B — H24E 


109.5 


1 /1\ 

-3 (2) 


CUB — C2B — C3B — C4B 


A / A \ 

4(4) 


-178.5 (13) 


C l B — C2B — C3B — C4B 


178 (2) 


3 (2) 


C2B — C 3 B — C4B — C 5 B 


-7 / A \ 

-1 (4) 


1 HH A / 1 C\ 

—177.4 (15) 


C3B — L4B — C5B — L6B 


177 (3) 


1 /I \ 

-2 (3) 


C3B — C4B — C5B — C10B 


6(6) 


175.3 (16) 


C 1 0B — C5B — C6B — C7B 


-4(6) 


0(3) 


C4B — C5B — C6B — C7B 


-175 (3) 


174.3 (13) 


C5B — C6B — C7B — OIB 


-177 (3) 


1 (2) 


C5B — C6B — C7B — C8B 


2(5) 


-2 (2) 


C6B — C7B — C8B — C9B 


3 (4) 


-175.7 (12) 


OIB — C7B — C8B — C9B 


1 1 0 C / 1 A \ 

-178.5 (19) 


3 (2) 


C7B — C8B — C9B — C10B 


C / A \ 

-5 (4) 


175.4 (16) 


C6B — C5B — C 1 0B — C 1 1 B 


-173 (4) 


0(3) 


C4B — C5B — C 1 0B — C 1 1 B 


-2(7) 


1 /"") \ 

1 (3) 


C6B — C5B — C 1 0B — C9B 


1 (7) 


-174.6 (16) 


C4B — C5B — C 1 0B — C9B 


111 (3) 


-176.5 (16) 


C8B — C9B — C 1 OB — C 1 1 B 


178 (3) 


-2 (3) 


C8B — C9B — CI 0B — C5B 


A /C\ 

4(5) 


1 (3) 


C3 B — C2B — C 1 1 B — C 1 0B 


-1 (4) 


176.5 (15) 


pi n pnn pi in pi ai~> 

C 1 B — LzB — C 1 1 B — L 1 0B 


1 H A {") \ 

-174 (3) 


1 (3) 


/' < c Tt p 1 p*n 1 1 r~> pin 

C5B — C 1 0B — C 1 1 B — C2B 


0(5) 


174.8 (16) 


f • pin f A 1 ATi /- 1 i n z^ 1 1 r"> 

C9B — C 1 0B — C 1 1 B — C2B 


-174 (3) 


110.0 (13) 


p n p^n pin pnn 

C6B — C7B — 0 1 B — C 1 2B 


1 A1 \ 

103 (3) 


-76.0 (16) 


C8B — C7B — 0 1 B — C 1 2B 


-75 (3) 


3.8 (16) 


/'"• ~j Tt Pi 1 n /■ < i in pin 

C7B — 0 1 B — C 1 2B — 02B 


-12 (2) 


—177.7 (9) 


pth pin pnn pi on 

C7B — OIB — C12B — C13B 


173.2 (17) 


1 "7 0 A / 1 1 \ 

— 178.4 (11) 


OzB — C 1 la — C 1 5 a — C 1 4B 


-174.5 (18) 


3.2 (17) 


0 1 B— C 1 2B— C 1 3B— C 1 4B 


0(3) 


4(2) 


02B— C 1 2B— C 1 3B— C 1 8B 


2(4) 


-174.6(11) 


0 1 B— C 1 2B— C 1 3B— C 1 8B 


176 (2) 


-1.2(15) 


C 1 8B— C 1 3 B— C 1 4B— C 1 5B 


4(3) 


-178.9(10) 


C 12B— C 1 3B— C 1 4B— C 1 5B 


180.0(18) 
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Z" 1 1 1 A fil /I A /"MCA Z" 1 1 A 

C 1 3 A — L 1 4A — L 1 5 A — L 1 6A 


—0.1 (12) 




C 1 3 b — C 1 4b — C 1 5b — C 1 ob 


2 (2) 


C 14A — C 1 5A — C 1 6A — C 1 7A 


1.6(13) 




C 14B — C 1 5B — C 1 6B — C 1 7B 


-9 (3) 


C 1 4 A — C 1 5 A — C 1 6 A — C 1 9 A 


-179.1 (7) 




C 1 4B — C 1 5 B — C 1 6B — C 1 9B 


171.8 (12) 


/"* 1 C A 1 £ A 1 T A /"* 1 O A 

L 1 5 A — L 1 6A — C 1 7 A — L 1 8 A 


-2 (2) 




C 1 5B — L 1 6B — L 1 7B — L 1 8B 


10 (4) 


L 1 9 A — L 1 6 A — C 1 7 A — C 1 a A 


1 no o / 1 i\ 

178.8 (12) 




L 1 9B — L 1 6B — L 1 7B — L 1 8B 


-170 (2) 


/—i 1 f a /" 1 "7 A y~1 1 O A f ' 1 1 A 

C 1 6A — C 1 7A — C 1 8 A — C 1 3 A 


1 (2) 




C 1 6B — C 1 7B — C 1 8B — C 1 3B 


-5 (5) 


/~i 1 /I A /"^ 1 O A /"< 1 O A /" < 1 -7 A 

C 1 4 A — C 1 3 A — C 1 8 A — C 1 7 A 


1 (2) 




C 1 4B — C 1 3 B — C 1 8B — C 1 7B 


-2 (4) 


/" • 1 A /~i 1 O A /~" 1 O A f ' 1 "7 A 

C 1 2A — C 1 3 A — C 1 8 A — C 1 7A 


178.7 (14) 




C 1 2B — C 1 3B — C 1 8B — C 1 7B 


-178 (3) 


nsA c^f,A riQA r?nA 


1H-O.Z ^ 




n n^R nQR r?0R 


111 & (]f>\ 


C 1 7 A— C 1 6A— C 1 9 A— C20A 


31.1 (15) 




C 1 7B— C 1 6B— C 1 9B— C20B 


-68 (3) 


C 1 6A— C 1 9 A — C20A — C21A 


173.8 (6) 




C 1 6B— C 1 9B— C20B— C2 1 B 


-166.8(12) 


C 1 9 A— C20A— C2 1 A— C22 A 


54.9(12) 




C 1 9B— C20B— C2 1 B— C22B 


-129.0(19) 


C20A— C2 1 A— C22A— C23A 


156.5 (8) 




C20B— C2 1 B— C22B— C23B 


-170.5 (17) 


C21A — C22A — C23A — C24A 


149.9 (9) 




C2 1 B— C22B— C23B— C24B 


178.6 (14) 


Hydrogen-bond geometry (A, °) 










Cgl and Cg2 are the centroids of the C2A-C5A/C10A/CllAand C13B-C18B rings, respectively. 




D—R-A 




D—R 


R-A D-A 


D—R-A 


C4A—R4AA-02A' 




0.95 


2.44 3.303 (11) 


149 


C9B — R9BA-02B" 




0.95 


2.59 3.352 (11) 


138 


CUB—RUB-CgV 1 




0.95 


2.85 3.708 (14) 


151 


C20A—R20A-Cg2" 




0.99 


2.91 3.819(14) 


152 


C19S— R\9C-Cg2" 




0.99 


2.88 3.746 (19) 


146 



Symmetry codes: (i) -x+1/2, y-1/2, -z+3/2; (ii) -x+1/2, y+M2, -z+3/2; (iii) -x+l, y, -z+3/2; (iv) -x+1/2, -y+1/2, -z+1. 
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